Purpose: Topotecan, a semisynthetic water-soluble camptothecin analog, was recently approved as a second-line treatment for women with ovarian cancer. In clinical trials, hematologic toxicity has been the predominant toxicity associated with its use. The purpose of this article is to provide guidelines on the clinical management of these toxicities.
INTRODUCTION
Topotecan (Hycamtin; SmithKline Beecham, King of Prussia, PA), a synthetic hydrophilic camptothecin analog that inhibits topoisomerase I, has demonstrated antitumor activity in phase I and II trials in several types of solid tumor and hematologic malignancies [1] [2] [3] [4] [5] . Based on its antitumor activity in relapsed ovarian cancer, topotecan was approved for this indication in 1996.
In phase I trials, a variety of schedules have been evaluated, including 30-min infusions every three weeks to infusions of three weeks' duration every four weeks [6] . Based on the schedule-dependent nature of topotecan's mechanism of action, its relatively short plasma half-life, and the antitumor activity observed in phase I testing, a 30-min infusion schedule administered intravenously for five consecutive days every three weeks has been most extensively evaluated and is the approved schedule for clinical use. However, in all schedules evaluated to date, neutropenia has been the predominant toxicity observed. In phase I studies evaluating a daily-times-five schedule, neutropenia was characteristically brief, noncumulative, and uncomplicated, and rarely resulted in treatment delays [1] [2] [3] . Reduced tolerance for hematologic toxicity was observed in patients who had received extensive prior myelosuppressive therapy in one of these phase I trials [3] . Additional toxicities observed in these studies included thrombocytopenia, anemia, nausea, vomiting, diarrhea, constipation, stomatitis, fatigue, and alopecia, but these were generally mild and clinically manageable. Since the approval of topotecan for the treatment of ovarian cancer, it has been our impression that hematologic toxicity has been a major concern to clinicians using this agent. The purpose of this paper is to discuss the clinical aspects of these toxicities and strategies to prevent or ameliorate these toxicities.
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INCIDENCE OF HEMATOLOGIC TOXICITY WITH TOPOTECAN
A summary of the hematologic toxicity observed at the recommended phase II doses in the three phase I studies that evaluated a daily-times-five-day schedule of topotecan is presented in Table 1 . In these studies, both minimally and extensively pretreated patients were evaluated. Patients were considered to have been extensively pretreated with therapies that result in long-term hematopoietic dysfunction if they had received one or more of the following: A) radiation to >25% of marrow-bearing bones, or B) greater than six courses of a chemotherapeutic agent containing an alkylating agent, or C) greater than two courses of a nitrosourea or mitomycin C. Recommended doses for phase II studies were comparable between trials; however, in one study, a lower dosing recommendation was made for extensively pretreated patients. The latter study also demonstrated that further dose escalation of topotecan with the use of granulocyte-stimulating factor was not feasible due to the development of thrombocytopenia [1] .
Based on the antitumor activity observed in these studies, phase II and III evaluations were initiated in patients with ovarian cancer. A summary of four of these trials, including 452 patients with advanced ovarian cancer, demonstrates that 81% of patients experienced grade 4 neutropenia (<500 /µl); 26% experienced grade 4 thrombocytopenia (<25,000/µl); and 40% experienced grade 4 anemia (<8 g/dl) ( Table 2) . Twenty-six percent of patients experienced fever and/or infection or sepsis with grade 4 neutropenia [7] [8] [9] [10] . The largest of these studies compared topotecan with paclitaxel in patients with progressive or recurrent ovarian cancer after receiving platinum-containing regimens [10] . For topotecan, grade 4 neutropenia and thrombocytopenia, and grade 3/4 anemia were observed in 80%, 25%, and 41% of 112 patients, respectively, and 37%, 10%, and 16% of 555 courses, respectively (Table 3) . Neutropenic fevers occurred in 23% of topotecan-treated patients and 5% of courses. Sepsis was reported in 5% of topotecan-treated patients and 1% of courses [10] . Managing the Hematologic Toxicities of Topotecan When data from these phase II trials are further analyzed, differences between the frequencies of hematologic toxicity are apparent. Table 4 displays the incidence of hematologic toxicity between the studies of Kudelka et al. [7] and Creemers et al. [8] . For comparative purposes, hematologic toxicity observed in previously untreated pancreatic cancer patients enrolled in a phase II study are also included [11] . While the criteria for dose reductions and the use of granulocyte colony-stimulating factor (G-CSF) varied between these studies, differences in the prevalence of neutropenia and thrombocytopenia are evident (Fig. 1) . Despite the use of G-CSF in the study of Creemers et al., a consistent trend is apparent between studies with respect to hematologic toxicity. These data illustrate the important role of prior therapy on topotecan-associated myelosuppression, with the highest incidence in the study by Kudelka et al., in which a more extensively pretreated patient population was evaluated.
RISK FACTORS FOR HEMATOLOGIC TOXICITY Prior Therapy
It is apparent from the above discussion that pretreatment with myelosuppressive chemotherapy agents and/or radiation therapy is the most important risk factor for severe topotecan-induced myelosuppression. The majority of patients with relapsed ovarian cancer will have typically received platinum analogs (cisplatin, carboplatin) and/or alkylating agents (cyclophosphamide, ifosfamide). Of these agents, pretreatment with carboplatin, which has cumulative myelotoxic effects, is associated with the most significant risks for patients undergoing second-line or salvage therapy with topotecan, particularly thrombocytopenia. In a phase II Table 4 . Three patients, all with a prior history of treatment with carboplatin, experienced prolonged grade 4 thrombocytopenia requiring multiple platelet transfusions and had topotecan therapy discontinued after the first course of treatment due to severe thrombocytopenia. Bone marrow transplantation is also a risk factor for severe hematologic toxicity during topotecan therapy. Although relatively uncommon, wide-field radiation therapy, including whole-pelvis irradiation, also causes the loss of bone marrow reserve that predisposes patients to hematologic toxicity. In some cases, previous wide-field radiation may be a relative contraindication for treatment with topotecan or other myelosuppressive agents.
Renal Impairment
Topotecan is eliminated via both hepatic and renal routes. As a result of prior cisplatin therapy, metastatic disease, or other disease-related factors, cancer patients frequently have evidence of hepatic or renal dysfunction. Phase I studies have been performed in such patient populations to provide dosing recommendations for topotecan therapy [13, 14] .
Patients with hepatic impairment were found to tolerate topotecan dosages up to 1.5 mg/m 2 , the previously established maximum tolerated dose [13] . The nature and severity of treatment-induced toxic effects were similar in patients with and without hepatic injury. As a result, topotecan dose modifications do not appear to be required for most patients with hepatic dysfunction and normal renal function. However, clinicians should be aware that elevated bilirubin, when combined with poor performance status, age, and comorbidities, may be considered in determining whether dose modification is appropriate.
Patients with significant renal impairment, in contrast to those with hepatic impairment, are at risk for severe hematologic toxicities when given the current maximum tolerated dose of topotecan [14] . In patients with mild renal dysfunction (creatinine clearance [CrCl] = 40 to 59 ml/min), dose-limiting hematologic toxicity was observed in three of eight patients receiving topotecan 1.0 mg/m 2 /d and in two of five patients receiving 1.5 mg/m 2 /d. In patients with moderate renal dysfunction (CrCL = 20 to 39 ml/min), dose-limiting hematologic toxicity was observed in three of eight patients receiving 0.5 mg/m 2 /d and in two of four patients receiving 1.0 mg/m 2 /d. Dose-limiting events were more frequently observed in extensively pretreated patients. It is noteworthy that a significant proportion of patients with renal impairment had normal serum creatinine levels. Pharmacokinetic analyses indicated that reduced doses in patients with renal impairment produce topotecan exposure and toxicity similar to those observed at higher doses in patients with normal creatinine clearance. As a result, dose modifications among these patients are not to be expected to yield significant alterations in topotecan efficacy. Antitumor activity was observed in patients with ovarian cancer who were treated at these lower doses.
MANAGEMENT STRATEGIES
Dose Reductions
The primary approach to managing the hematologic toxicities of topotecan is preventive, and the optimal preventive strategy is dose reduction. Patients at risk due to extensive pretreatment with carboplatin or other myelosuppressive agents may commence with the standard regimen of 1. Renal function is an important determinant of topotecan clearance and, consequently, of susceptibility to hematologic toxicity at a given dose. Topotecan dosing guidelines have been established for ovarian cancer patients with varying degrees of renal impairment. (Serum creatinine has not been determined to be a sufficiently reliable marker for renal dysfunction; creatinine clearance should be the exclusive basis for topotecan dose adjustments.) Dosing recommendations for patients with renal impairment are shown in Table 5 [15] . No recommendation is available for severe renal impairment, as only two patients meeting these criteria were evaluated. The recommendations in Table 5 do not represent a precise dosing algorithm based on creatinine clearance. In phase I studies, interpatient variability in topotecan exposure at given dose levels ranged from a fourfold to tenfold difference [3] . 8 Managing the Hematologic Toxicities of Topotecan Similar interpatient variability was also reported among patients with renal impairment receiving topotecan [14] . In addition, the role of hepatic excretion, the possibility of renal tubular secretion, and variations in previous treatments preclude the development of a precise algorithm (as has been developed for carboplatin [16] ), which might assist in preventing myelotoxicity. However, these recommendations accurately reflect the results of our clinical trial, as well as clinical experience, and they account for the important variable of extensive pretreatment with myelosuppressive chemotherapy.
Establishing a dose and schedule that are tolerable and potentially efficacious among high-risk patients also involves clinical judgments that cannot be quantified with absolute precision. Performance status, extent and rapidity of disease progression, age, comorbidities, and related factors should all be considered in establishing dose adjustments. The use of curtailed treatment (e.g., three days versus five days) as a therapeutic strategy for minimizing myelosuppression while maintaining antineoplastic effect has not yet been adequately evaluated.
Hematopoietic Growth Factors
Grade 4 neutropenia is the most frequent hematologic toxicity associated with topotecan therapy. In four clinical trials with 452 patients, grade 4 neutropenia occurred in 81% of patients and 40% of chemotherapy courses (Table  2) . Neutropenic fevers or infections occurred in 26% of patients and 7% of courses. G-CSF was routinely used as prophylaxis in all but one of these studies [7] . In the phase III clinical trial of topotecan versus paclitaxel, the incidence of grade 4 neutropenia was highest during the first course of topotecan therapy and decreased during subsequent courses, presumably due to prophylactic growth factor support or dose reduction [10] . The median onset of grade 4 neutropenia occurred on day 9, with a median duration of six days. Grade 4 neutropenia of over 7 days' duration was observed in 12% of topotecan treatment courses.
G-CSF or other cytokines are not considered first-line approaches for managing hematologic toxicities in patients with renal impairment. However, any patient with multiple risk factors, including extensive pretreatment that has caused loss of bone marrow reserves, may be a candidate for G-CSF prophylaxis. G-CSF may enable patients with renal dysfunction to tolerate the modified dose recommended on the basis of creatinine clearance.
Some high-risk patients may be deemed candidates for G-CSF support from the onset of topotecan therapy. However, the current recommendation is to restrict G-CSF to prophylactic use after the patient has experienced febrile neutropenia, infection, or persistent neutropenia [17, 18] . A standard dose of G-CSF can be administered to the patient during subsequent courses of topotecan, thus accelerating neutrophil recovery and reducing the incidence of febrile neutropenia or infections. Prophylactic G-CSF may also curtail the requirement for dose reductions.
In general, uncomplicated grade 4 neutropenia during a course of topotecan does not necessitate growth factor support unless poor performance status or a combination of other risk factors suggest to the clinician that the patient is highly susceptible to febrile neutropenia or infections. In the phase III trial of topotecan versus paclitaxel, G-CSF was used prophylactically to maintain topotecan dose intensity in 23% of courses, and it was used to ameliorate complicated neutropenia in 7% of courses [10] . In the clinical trial at the Johns Hopkins Oncology Center, prophylactic G-CSF was used for patients with complicated neutropenia in 9% of courses [12] .
Patients receiving topotecan are as likely to experience grade 4 thrombocytopenia (26%) as they are to experience neutropenic fevers or infections (26%) ( Table 2 ). However, thrombocytopenia can be a more vexing concern for clinicians. Thrombopoietic growth factors are expected to be available for this purpose in the near future. In the interim, extensively pretreated patients at risk for severe thrombocytopenia are candidates for dose reduction and/or transfusion therapy. It should be pointed out, however, that topotecan-related thrombocytopenia, like neutropenia, is 
